Aim: Nucleos(t)ide analog (NA) therapy has been reported to reduce the risk of hepatocellular carcinoma (HCC). However, some patients who achieve hepatitis B virus (HBV)-DNA disappearance from serum by NA develop HCC. In this study, we investigated the cumulative incidence and risk factors for HCC in patients with chronic hepatitis B (CHB) who achieved sustained disappearance of viremia by NA treatment.
INTRODUCTION

M
ORE THAN 350 million people worldwide are chronically infected with hepatitis B virus (HBV). 1 Hepatitis B virus infection is one of the leading causes of cirrhosis and hepatocellular carcinoma (HCC) 2 ; approximately 1 million patients die from HBV-related HCC and liver failure annually. 3 Patients with chronic hepatitis B (CHB) can be treated with nucleos(t)ide analogs (NAs), such as lamivudine (LAM), adefovir dipivoxil, entecavir (ETV), and tenofovir disoproxil fumarate. Nucleos(t)ide analogs suppress HBV replication through inhibition of HBV-DNA polymerase and are reported to reduce the risk of HCC incidence, however, such risk is not completely eliminated under NA treatment. [4] [5] [6] [7] A large-scale study has shown that increased serum HBV-DNA load is an independent predictor of the development of HCC. 8 In addition, decreased HBV-DNA load by NAs has been reported to reduce the risk of developing HCC or liver failure due to advanced fibrosis or cirrhosis. 4, 5, 9, 10 Some patients definitely develop HCC even if they can achieve sustained disappearance of viremia. Therefore, continuous surveillance of HCC is necessary even in such patients. However, the cumulative incidence and risk factors for the development of HCC in patients with CHB who achieved sustained disappearance of viremia on NA therapy is not well known.
In the present study, we analyzed the cumulative incidence of HCC and factors associated with the development of HCC in CHB patients who received NA and achieved sustained disappearance of viremia, and attempted to establish efficient surveillance of HCC in such patients.
METHODS
Hepatitis B virus markers
Serum HBV DNA levels were measured by the COBAS Amplicor HBV Monitor Test (Roche Diagnostics, Tokyo, Japan; detection range, 2.6-7.6 log copies/mL) before June 2008 and the COBAS TaqMan HBV Test (Roche Diagnostics; detection range, 2.1-9.0 log copies/mL) after June 2008. Hepatitis B virus DNA disappearance was defined as serum HBV DNA levels that were continuously under 2.1 log copies/mL by the COBAS TaqMan HBV Test. Serum HBV core-related antigen (HBcrAg) levels were measured by a chemiluminescence enzyme immunoassay (Fujirebio, Tokyo, Japan; detection range, 3.0-7.0 log 10 U/mL). Serum HB surface antigen (HBsAg) levels and HB envelope antigen (HBeAg) levels were measured by the Architect assay (Abbot Laboratories, Tokyo, Japan; detection range of HBsAg, 0.05-250 IU/mL). If the HBsAg level was >250 IU/mL, samples were diluted to 1:500 and reexamined.
Patient selection
Among 191 HBV-positive patients who had initiated NA therapy from 2000 to 2013, 179 patients achieved HBV-DNA disappearance from serum. The median duration of NA therapy was 6.8 years (range, 1-14.9 years). Patients were confirmed to be monoinfected with HBV and did not have other etiologies (e.g., alcohol, drug, autoimmune hepatitis, primary biliary cholangitis, or drug-induced liver disease). Additionally, patients did not receive interferon treatment prior to NA therapy. Among them, 33 patients who had developed HCC before the initiation of NA or before achievement of HBV-DNA disappearance from serum after introducing NA were excluded from the analysis. Four patients with incomplete clinical data were also excluded. Additionally, 9 patients who were determined to have achieved HBV-DNA disappearance by COBAS Amplicor test were excluded to unify the method. Thus, we finally analyzed 133 patients with CHB. Figure 1 shows the inclusion and exclusion criteria of this study.
The study protocol was approved by the Bioethics Committee of Nagoya University Hospital (Nagoya, Japan; approval no. 2016-0141). This study conformed to the ethical guidelines of the 1975 Declaration of Helsinki.
Surveillance and diagnosis
Cirrhosis was diagnosed by histological analysis and/or appearance of a cirrhotic liver on ultrasonography (US), for example, superficial nodularity, coarse parenchymal echo pattern, signs of portal hypertension (splenomegaly >120 mm, diameter of portal vein >12 mm, patent collateral veins, or ascites), and/or the presence of gastroesophageal varices on endoscopy. [11] [12] [13] Among 133 patients included in this study, the disease status of 38 patients was determined by histological examination.
All patients were followed up with monitoring of biochemical parameters, blood cell counts, α-fetoprotein (AFP) and des-γ-carboxyl prothrombin as tumor markers, and virological markers for HBV at 1-3-month intervals. Hepatocellular carcinoma was diagnosed by dynamic computed tomography (CT), dynamic magnetic resonance imaging (MRI), or contrast-enhanced US according to findings of hypervascularity in arterial phase and washout in the early or delayed venous phase in dynamic CT or dynamic MRI, which were based on American Association for the Study of Liver Diseases guidelines. 14 Cirrhotic patients were surveyed for HCC by US, dynamic CT, or dynamic MRI every 3-6 months. Noncirrhotic patients were surveyed by US every 6 months. If a new nodule was detected by US, additional imaging studies were carried out to confirm whether it was diagnosed as HCC or not.
For patients who received various NAs because of viral breakthrough, we calculated the period after HBV-DNA disappearance as the initial date when HBV-DNA disappearance occurred after the final change of NAs to the last follow-up date. The last follow-up date was defined as the date of death, the date of HCC development, or the date of the last visit before 31 -test or Fisher's exact test. The cut-off levels were based on medians of each factor of each overall and subgroup analysis. The cumulative incidence of HCC was investigated by the Kaplan-Meier method and the differences between groups were analyzed using the log-rank test. Cox proportional hazards models were used to analyze factors associated with the development of HCC. Factors that showed differences at Pvalue <0.1 by univariate Cox regression analysis were evaluated by multivariate Cox regression analysis. Statistical analyses were carried out using IBM SPSS version 22 (IBM, Tokyo, Japan). A P-value <0.05 was considered statistically significant.
RESULTS
Patient characteristics and HCC incidence
T ABLE 1 SHOWS THE
clinical and virological characteristics of all patients at the time of HBV DNA disappearance from serum. The median (minimummaximum) age was 51 years (range, 20-79 years) and 79 (59%) of patients were men. Twenty-eight (21%) patients had liver cirrhosis (LC). The median follow-up period after HBV-DNA disappearance was 4.8 years (range, 1.0-13.1 years) and 13 patients subsequently developed HCC (4 non-cirrhotic patients; 9 cirrhotic patients). The 1-, 3-, and 5-year cumulative incidence of Table 1 Characteristics of patients with chronic hepatitis B treated with nucleos(t)ide analogs at the time of hepatitis B virus DNA disappearance All (n = 133) HCC (n = 13) Non-HCC (n = 120) P-value HCC was 0.0%, 7.8%, and 11.1%, respectively (Fig. 2) . The period required for HBV-DNA disappearance after introduction of NAs was 0.6 (0.3-6.0) years and 0.7 (0.3-13.6) years in the HCC group and non-HCC group, respectively. It was not significantly different between the two groups (P = 0.940). (Table 2) . A stratified analysis of HCC incidence was carried out according to these risk factors, and the cumulative incidence of HCC at 1, 3, and 5 years was 0.0%, 10.3%, and 16.6% in patients ≥51 years of age and 0.0%, 5.2%, and 5.2% in patients <51 years of age, respectively (P = 0.048) (Fig. 3a) . The cumulative incidence of HCC at 1, 3, and 5 years was 0.0%, 27.7%, and 32.2% in patients with cirrhosis compared with 0.0%, 2.2%, and 5.3% in patients without cirrhosis, respectively (P < 0.001) (Fig. 3b) . The cumulative incidence of HCC at 1, 3, and 5 years was 0.0%, 13.6%, and 17.7% in patients with serum HBcrAg levels ≥3.4 log 10 U/mL and 0.0%, 0.0%, and 2.4% in patients with serum HBcrAg levels <3.4 log 10 U/mL, respectively (P = 0.005) (Fig. 3c) .
Factors associated with incidence of HCC
Subanalysis for the incidence of HCC according to serum HBcrAg levels in patients with or without cirrhosis
We also performed Cox regression analysis of factors associated with the development of HCC in patients with or without cirrhosis separately (Table 3 ). In these subgroup analyses, the median of serum HBcrAg levels in LC group was 4.0 log 10 U/mL, though the median in CH group remained 3.4 log 10 U/mL. Higher serum HBcrAg levels at the time of HBV DNA disappearance became a statistically significant factor for the development of HCC in the cirrhotic group in tendency (P = 0.079).
Subanalysis for the incidence of HCC in patients according to HBeAg status
We undertook subgroup analyses stratified according to HBeAg status. In these subgroup analyses, the median of serum HBcrAg levels in the HBeAg negative group was 3.0 log 10 U/mL, whereas the median in the HBeAg positive group was 5.6 log 10 U/mL. Multivariate Cox proportional hazards models showed that LC became a statistically significant factor associated with the development of HCC (HR, 7.646; 95% CI, 1.823-32.076; P = 0.005), in contrast, higher serum HBcrAg levels became a significant factor in tendency (HR, 7.254; 95% CI, 0.890-59.108; P = 0.064) in HBeAg negative patients (Table 4a ). And in HBeAg positive patients, only LC became a statistically significant factor associated with the development of HCC (HR, 13.035; 95% CI, 1.448-117.350; P = 0.022) ( Table 4b ).
Decline of serum HBcrAg levels from HBV-DNA disappearance to last follow-up date between HCC and non-HCC groups
We also analyzed the decline of serum HBcrAg levels in both the HCC and non-HCC groups. Median serum HBcrAg levels at the time of last follow-up date were 4.5 (<3-5.7) log 10 U/mL in the HCC group and 3.0 (<3.0-6.8) log 10 U/mL in the non-HCC group (P < 0.001).
The HCC group had significantly higher median serum HBcrAg levels not only at the time of HBV-DNA disappearance, but also at the time of last follow-up date compared with the non-HCC group. The decline of serum HBcrAg levels (the annual average decline in serum HBcrAg levels at the time between HBV-DNA disappearance and last follow-up date) was 0.04 (0-0.15) log 10 U/mL per year in the HCC group and 0.00 (0.00-0.90) log 10 U/mL per year in the non-HCC group (P = 0.881) (Fig. 4) .
DISCUSSION
I
N THE PRESENT study, we evaluated the cumulative incidence of HCC and risk factors for the development of HCC in patients with CHB who achieved sustained disappearance of viremia while on NA treatment. The cumulative incidence of HCC in these groups was higher than we expected. Advanced age, LC, and higher serum HBcrAg levels at the time of HBV-DNA disappearance were found to be independent risk factors for HCC.
Several reports have shown that advanced age is a risk factor of HCC incidence during NA treatment. [15] [16] [17] Risk Kurokawa et al. reported that age (HR, 3.20; 95% CI, 1.08-9.53) and cirrhosis (HR, 4.64; 95% CI, 1.75-12.4) during LAM treatment were significant risk factors for the development of HCC in HBV patients, and age was a significant risk factor for HCC development in chronic hepatitis patients treated with LAM. 17 Orito et al. reported that LC status was a significant risk factor for the development of HCC during NA therapy. 18 Our results were consistent 
with these reports and confirmed these results even in patients who achieved continuous HBV-DNA disappearance from serum. Our findings suggest that patients with advanced age or LC while on NA therapy should be carefully followed up as potential high-risk populations of HCC, even if they achieve HBV-DNA disappearance.
Serum HBcrAg concentration has been reported to correlate well with intrahepatic covalently closed circular DNA (cccDNA), which is considered the template of HBV replication. [19] [20] [21] Covalently closed circular DNA comprises HBV core antigen, which is translated from pregenomic mRNA, HBeAg, and a 22-kDa precore protein (p22Cr) 1.000
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1.000 ≥0. antigen that is translated from precore mRNA. 22, 23 Hepatitis B virus DNA load decreases rapidly during NA therapy, however, cccDNA persists in the liver and HBcrAg levels can remain sustained for long periods. 24, 25 Persistent cccDNA is associated with various clinical events, including HCC. However, monitoring cccDNA concentrations is difficult in clinical practice because liver biopsy is necessary, and there is no consensus on a clinically approved Conversely, an HBcrAg measuring system is simple, does not require liver biopsy, and can be readily measured in clinical practice. This system was also reported to have possible usefulness to predict necroinflammatory and fibrotic activity in liver tissues. 27 Several reports have shown a correlation between the development of HCC and HBcrAg during NA therapy. Kumada et al. reported that HBcrAg levels before treatment were independently associated with the development of HCC in propensity score-matched patients with or without NA therapy (HR, 2.77; 95% CI, 1.07-7.17). 30 Indeed, we also confirmed that HBcrAg at the time of HCC development was significantly higher compared with that of non-HCC patients, however, the decline of serum HBcrAg levels from the time of HBV-DNA disappearance from serum to the last follow-up date were not significantly different among HCC and non-HCC groups (Fig. 4) . Therefore, in this study, we also showed that HBcrAg not only at the time of HCC development but also at the time of HBV-DNA disappearance may be an useful marker to predict the development of HCC during NA therapy.
28
Recently Cheung et al. reported that a higher post-NA treatment HBcrAg level was associated with an increased risk of HCC development in patients with undetectable serum HBV-DNA under NA therapy. 31 They included chronic HBV carriers with undetectable serum HBV-DNA under NA therapy without HCC as control groups after matching for age, gender, baseline HBeAg status, cirrhosis status, serum HBV-DNA levels, and duration of NA therapy with HCC patients. However, in Cheung et al.'s study, the method for matching HCC and control groups is not well described, so there might be a selection bias and the data might be arbitrary. In contrast, we enrolled all patients in clinical practice. Also in that paper, the period after HBV-DNA disappearance was not evaluated, whereas in our study, it was included as an evaluating factor associated with the development of HCC.
There are several limitations associated with this study. First, it was a single-center and retrospective study. Second, we did not carry out liver biopsies in all patients. We primarily diagnosed cirrhosis based on imaging data.
Finally, we could not analyze serum HBcrAg levels at the start of NA therapy because this study was cross-sectional and retrospective. We should continue to investigate the validity of our findings with further follow-up of these patients as well as increasing the number of patients.
In conclusion, achieving HBV-DNA disappearance from serum does not completely eliminate the risk of HCC in CHB patients treated with NAs. It is important to continue HCC surveillance, especially in patients with advanced age, cirrhosis, and/or higher serum levels of HBcrAg, even if such patients achieve HBV-DNA disappearance. Figure 4 Changes in serum hepatitis B core-related antigen (HBcrAg) levels in patients with chronic hepatitis B from the time of hepatitis B virus (HBV)-DNA disappearance to last follow-up date in those who developed hepatocellular carcinoma (HCC group) and those who did not (non-HCC group). Serum HBcrAg levels at the time of HBV-DNA disappearance were 4.8 (<3-5.7) log 10 U/mL and 3.4 (<3-6.8) log 10 U/mL in the HCC and non-HCC group, respectively (P = 0.009). Serum HBcrAg levels at the time of last follow-up date were 4.5 (<3.0-5.7) log 10 U/mL and 3.0 (<3.0-6.8) log 10 U/mL in HCC and non-HCC groups, respectively (P < 0.001). The decline of serum HBcrAg levels (the annual average decline in serum HBcrAg levels at the time between HBV-DNA disappearance and last follow-up date) was 0.04 (0-0.15) log 10 U/mL per year in the HCC group and 0 (0-0.90) log 10 U/mL per year in the non-HCC group, respectively (P = 0.881). NS, not significant.
